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ing by ElAbstract Purpose: The purpose of this study was to assess the screening of intracerebral vessels in
preterm newborns in early postnatal period by transcranial ultrasound (US) Doppler parameters; as
a predictive method of identifying preterm infants at risk of intracerebral hemorrhage.
Patients and Methods: The study was conducted as a screening study for 39 preterm neonates, their
gestational age (GA) ranged between 26 and 35 weeks, and their birth weights (BW) ranged from
900 to 2500 g. They were considered clinically at risk of intracerebral hemorrhage (ICH) due to their
prematurity and low birth weight. The study was focused on transcranial US Doppler examinations
of cerebral vessels on the ﬁrst two days of life while still no clinical evidence of ICH was detected.
The routine US examination included searching for ICH, then Doppler examination was done and
included measurement of peak-systolic velocity (PSV), end diastolic velocity (EDV), mean velocity
(MV) and Doppler indices; resistance index (RI) and pulsatility index (PI) in anterior cerebral artery
(ACA) and middle cerebral artery (MCA). US and Doppler examinations were then repeated within
4–7 days for only 34 newborns as ﬁve newborns died before the time of follow up study, we searched
for newborns who developed ICH and measured all these Doppler parameters again for all the
remained 34 newborns and these results were correlated with clinical assessment.105209545.
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Figure 1 Grade I: ICH. Coron
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germinal matrix hemorrhage.
70 A.M.A. Elhameed, E.M. FoudaResults: All the 34 preterm newborns showed no ICH by transcranial US at the initial examina-
tion. On the follow up US-Doppler study, 16 of them (47%) developed ICH and they are classiﬁed
as hemorrhage group and 18 of them (53%) did not develop ICH and they are classiﬁed as non-
hemorrhage or control group. There was no statistically signiﬁcant difference (P-value of >0.05)
between the two groups as regards the GA, weight, mean value of PSV and MV in both Doppler
examinations, and mean value of RI and PI in the initial Doppler examination, while there was sta-
tistically signiﬁcant difference (P-value of <0.05) between the two groups as regards the mean value
of EDV in the initial Doppler examination. Also there was statistically highly signiﬁcant difference
(P-value of <0.001) between the two groups as regards mean value of EDV, RI and PI in the follow
up examination. The ﬁnal interpretation that both newborn weight of less than 1800 g and EDV
value in intracerebral vessels in the initial Doppler examination of more than 9.2 cm/s were the most
sensitive predictors of intracerebral hemorrhage and both GA of less than 31.8 week and EDV
value in the initial Doppler examination of more than 9.2 cm/s were the most sensitive predictors
for high grades of intracerebral hemorrhage.
Conclusion: Our study showed that the most sensitive Doppler parameter which can be used as a
predictor marker for intracerebral hemorrhage in preterm newborns in early postnatal period was
end diastolic velocity > 9.2 cm/s and so offers a measurable screening predictor parameter, when
clinical symptoms of hemorrhage may be still silent and so preventive and therapeutic actions could
be useful.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
Germinal matrix hemorrhage–intraventricular hemorrhage
(GMH–IVH) is one of the most important and serious neuro-
logical problems in premature and very low birth weight
(VLBW) infants during the neonatal period (1). It is important
to detect this pathology as early as possible because of the
associated high rate of mortality, as well as the possibility of
neuro-developmental sequelae leading to disturbances in the
neuro-psychomotor development of those newborns (1). They
may have long-term problems such as hydrocephalus, cerebral
palsy, mental retardation and seizures (2).
GMH–IVH of the premature infant originates in the sube-
pendymal germinal matrix (3).
If bleeding continues, the hemorrhage enlarges pushing the
ependyma into the ventricular cavity which can then become
completely occluded by the subependymal hemorrhageal view demonstrates an
dymal region, case of left(SEH). Eventually, large SEH rupture through the ependyma
into the ventricular cavity forming IVH (4).
Several factors have been implicated in its pathogenesis.
Among the involved cardio-circulatory factors, any situation
leading to an alteration in the cerebral blood ﬂow (CBF)
and/or central nervous system (CNS) blood pressure may de-
velop into GMH–IVH, such as mechanical ventilation, apnea
crisis, barotraumas, congestive heart failure, neonatal sepsis,
etc. (1). Also the peculiarities of the CNS microvasculature
in LBW infants favor the onset of GMH–IVH, due to capillary
fragility, especially in relation to the germinal matrix vessels.
These capillaries are especially susceptible to ischemic lesions,
promoting breakage and subsequent bleeding (1). Transcranial
US Doppler is non-invasive, safe and portable method for
evaluating intracranial hemodynamics. It relies on arterial
velocity measurement and comparison of the values obtained
with threshold levels developed for detection of pathologic
abnormalities (5).Figure 2 Grade II: ICH. Coronal view demonstrates left GMH
with the hemorrhage seen also in the left lateral ventricle which is
not dilated (GMH–IVH).
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Grade I: Subependymal region and/or germinal matrix
(Fig. 1).
Grade II: Subependymal hemorrhage with extension into
lateral ventricles without ventricular enlargement (Fig. 2).
Grade III: Subependymal hemorrhage with extension into
lateral ventricles with ventricular enlargement (Fig. 3).
Grade IV: Intraparenchymal hemorrhage (6) (Fig. 4).
The aim of this study was to assess the screening of intrace-
rebral vessels in preterm newborns in early postnatal period by
transcranial US Doppler parameters; as a predictive method of
identifying preterm infants at risk of intracerebral hemorrhage.
2. Patients and Methods
This study was carried out in the neonatal intensive care unit
(NICU) in the Maternity Hospital of Ain-Shams University,
Cairo, Egypt between July 2009 and February 2010.
It was conducted as screening study for 39 preterm neo-
nates; 21 male and 18 female, their gestational age (GA) ran-
ged between 26 and 35 weeks, and their birth weights (BW)Q1
Figure 3 Grade III: ICH. Coronal view demonstrates bilateral
GMH with the hemorrhage seen within both lateral ventricles and
third ventricle, all are dilated.
Figure 4 Grade IV: ICH. Coronal view demonstrates GMH
with marked hemorrhage within the dilated right lateral ventricle
and adjacent parenchymal hematoma (PH).ranged from 900 to 2500 g. Eleven of them (28%) had BW less
than 1500 g, i.e., VLBW infants and 10 (26%) had GA less
than 32 weeks. They all were considered clinically at risk of
ICH due to their prematurity and low birth weight. Informed
consent was obtained from one of the parents of each infant
before the study.
The study was focused on transcranial US Doppler examin-
ations of cerebral vessels on the ﬁrst two days of life while still
no clinical evidence of ICH was detected. Their US examina-
tion included searching for ICH then Doppler examination
was done and included measurement of PSV, EDV, MV and
Doppler indices; RI and PI in ACA and MCA. US and Dopp-
ler examinations were then repeated within 4–7 days for 34
newborns only as ﬁve newborns died before the time of follow
up study, we searched for newborns who developed ICH and
we measured all these Doppler parameters again for all the
remaining 34 newborns and all these results were correlated
with clinical assessment.
We selected this timing because ICH has been shown to de-
velop during the ﬁrst days of life in preterm infants (7).
Transcranial US-Doppler technique:
* We transported the US-Doppler equipment to the NICU in
the initial evaluation and in the follow up studies.
* We took all the precautions speciﬁc for dealing with those
risky newborns in NICU; like complete aseptic conditions,
and not making the isolette open for prolonged time during
examination.
* Anterior fontanel approach was the mainstay of neonatal
transcranial US in our study.
* The newborn lay supine and head was gently held in a hor-
izontal position by the nurse.
* We put small amount of warm gel.
* We used 6-MHz sector transducer (General Electric Logic
400 pro-series) and 3.7-MHz convex transducer and 7.5-
MHz linear transducer (Toshiba SSA-340A).
* The transducer was placed on the anterior fontanel and
angled to produce images in coronal section and then
rotated 90 and angled to produce sagittal images.
* Flow imaging and blood ﬂow velocity were obtained with the
transmitted Doppler frequency of 5 MHz and a 50 Hz ﬁlter.
* The ACA and MCA were visualized using color Doppler
through the anterior fontanel; ACA was seen in the midline
sagittal plane and blood ﬂow velocity was determined at the
proximal portion of it at its curve around the corpus callo-
sum. The proximal part of MCA was seen in the coronal
plane and its peripheral branches were examined in sylvian
ﬁssure in the sagittal plane.
* All Doppler measures were taken from both vessels using
an average from three cardiac cycles, and then we took an
average value of each parameter of both vessels.
* PASW statistical software package (V.18.0, 2010) was used
for data analysis.
* Data were expressed as Mean ± SD for quantitative
measures.
3. Results
We made 73 transcranial US Doppler examinations for 39 pre-
term newborn, ﬁve of them (three males and two females) were
Table 1 Comparison between the two groups as regards the
Doppler.
Doppler parameter Hemorrhage group Control group P-value
PSV-1
Range 18–55 cm/s 11–45 cm/s
mean ± SD 33.4 ± 11.5 cm/s 29 ± 11 cm/s NS
PSV-2
Range 14–58 cm/s 15–54 cm/s
Mean ± SD 37.1 ± 1.2 cm/s 30 ± 10.4 cm/s NS
EDV-1
Range 4–23 cm/s 4–13 cm/s
Mean ± SD 11.5 ± 5.5 cm/s 8 ± 3 cm/s S
EDV-2
Range 0–10 cm/s 5–21 cm/s HS
Mean ± SD 6.3 ± 2.9 cm/s 9.8 ± 3.9 cm/s
MV-1
Range 8–36 cm/s 6–23 cm/s
Mean ± SD 19.1 ± 8.2 cm/s 15 ± 5.6 cm/s NS
MV-2
Range 5–24 cm/s 9–34 cm/s
Mean ± SD 16.1 ± 5.7 cm/s 16.2 ± 6.3 cm/s NS
RI-1
Range 0.52–0.78 0.59–0.80
Mean ± SD 0.65 ± 0.09 0.67 ± 0.07 NS
RI-2
Range 0.74–1 0.56–0.76
Mean ± SD 0.84 ± 0.07 0.66 ± 0.05 HS
PI-1
Range 0.89–1.88 1–1.83
Mean ± SD 1.23 ± 0.32 1.38 ± 0.24 NS
PI-2
Range 1.16–3.4 0.97–1.76
Mean ± SD 2.06 ± 0.65 1.32 ± 0.23 HS
72 A.M.A. Elhameed, E.M. Foudaexamined once as they found to have severe ICH (Grade IV)
(Fig. 4) and then died rapidly, so no follow up study could
be done for them. Consequently they are excluded from the
statistical analysis of the results.
All the remaining 34 preterm newborns showed no ICH by
transcranial US at the initial examination and also no clinical
evidence of that. They were followed up within 4–7 days and
the US examination revealed that 16 of them (47%) developed
ICH and they are classiﬁed as hemorrhage group and 18 of
them (53%) did not develop ICH and they are classiﬁed as
non-hemorrhage or control group.
The hemorrhage group: it comprised 16 preterm neonates,
10 females and 6 males. They had a mean GA of
31.5 weeks ± 2.3 (SD) weeks (range:26–33 weeks) and a mean
BW of 1500 g ± 250 g (range:950–1750 g.).
By transcranial US, we found that; 6 of them (37.5%) had
Grade I hemorrhage (Fig. 1), 2 of them (12.5%) had Grade II
hemorrhage (Fig. 2), and 8 of them (50%) had Grade III hem-
orrhage (Fig. 3).
Ten of them (62%) developed ICH by the end of the ﬁrst
week and the remaining 6 newborns developed ICH at days
8 and 9.
Four of them (25%) had BW< 1500 g, and they were
about 36% of the VLBW premature newborns in our study.
Also four of them (25%) had GA less than 32 weeks, and they
constituted about 40% of premature newborns whose GA is
less than 32 weeks in our study.
Eight of them (50%) had perinatal asphyxia considered as an
Apgar score 63 at 1 min and/or 65 at 5 min of life. Also six of
them (33%) had neonatal sepsis. So their prematurity, low BW,
perinatal asphyxia and neonatal sepsis were considered as risk
factors for developing ICH in the hemorrhage group (1,6).
The non-hemorrhage or control group: it comprised 18 pre-
term neonates, 12 males and 6 females. They had a mean
GA of 32.3 ± 2.1 weeks (range: 28–35 weeks) and a mean
BW of 1700 ± 400 g. (range: 900–2500 g.).
As regards Doppler results (Table 1):
For comparison between two dependent groups for para-
metric data, Paired t-test was used.
The signiﬁcance of the results was assessed in the form of P-
value differentiated into: Non-signiﬁcant (NS) when P-value
>0.05, signiﬁcant (S) when P-value <0.05 and highly signiﬁ-
cant (HS) when P-value <0.001 or <0.01.3.1. The hemorrhage group (Fig. 5)
On Doppler ﬂow analysis, we found that the average value of
PSV detected from ACA and MCA in hemorrhage group in
the initial Doppler examination (PSV1) ranged from 18 to
55 cm/s, with a mean value of 33.4 ± 11.5 cm/s and in the fol-
low up examination (PSV2) ranged from 14 to 58 cm/s, with a
mean value of 37.1 ± 14.2 cm/s with no statistically signiﬁcant
difference (P-value of >0.05).
The average value of EDV detected in the initial Doppler
examination (EDV1) ranged from 4 to 23 cm/s, with a mean
value of 11.5 ± 5.5 cm/s and in the follow up examination
(EDV2) ranged from 0 to 10 cm/s, with a mean value of
6.3 ± 2.9 cm/s (decreased) with highly statistically signiﬁcant
difference (P-value of <0.001).
The average value of MV detected in the initial Doppler
examination (MV1) ranged from 8 to 36 cm/s, with a meanvalue of 19.1 ± 8.2 cm/s and in the follow up examination
(MV2) ranged from 5 to 24 cm/s, with a mean value of
16.1 ± 5.7 cm/s with no statistically signiﬁcant difference (P-
value of >0.05).
We found that the average value of RI in the initial Doppler
examination (RI1) ranged from 0.52 to 0.78, with a mean value
of 0.65 ± 0.09 and in the follow up examination (RI2) ranged
from 0.74 to 1, with a mean value of 0.84 ± 0.07 (increased)
with highly statistically signiﬁcant difference (P-value of
<0.001). And the average value of PI detected in the initial
Doppler examination (PI1) ranged from 0.89-1.88, with a
mean value of 1.23 ± 0.32 and in the follow up examination
(PI2) ranged from 1.16 to 3.4, with a mean value of
2.07 ± 0.68 (increased) with highly statistically signiﬁcant dif-
ference (P-value of <0.001).
3.2. Non-hemorrhage or control group (Fig. 6)
We found that the average value of PSV1 detected from ACA
and MCA in non-hemorrhage (control) group ranged from 11
to 45 cm/s, with a mean value of 29 ± 11 cm/s and PSV2 ran-
ged from 15 to 54 cm/s, with a mean value of 30 ± 10.4 cm/s
with no statistically signiﬁcant difference (P-value of >0.05).
Figure 5 Hemorrhage group. Preterm newborn with GA
26 week and BW 950 g. (a) Ist US-Doppler study, sagittal view,
revealed; no ICH,PSV = 41 cm/s, EDV= 11 cm/s (>9.2 cm/s)
MV= 21 cm/s, RI = 0.73, and PI = 1.43, (b and c) follow up
US-Doppler study, coronal and sagittal views revealed Grade III
ICH, PSV = 15 cm/s, EDV= 0 cm/s, MV= 5 cm/s, RI = 1, and
PI = 3.4.
Figure 6 Non-hemorrhage (control) group. Preterm newborn
with GA 34 week and BW 2200 g. (a) Ist US-Doppler study,
sagittal view revealed; no ICH, PSV = 15 cm/s, EDV= 5 cm/s,
MV= 8 cm/s, RI = 0.66, and PI = 1.26, (b) follow up US-
Doppler study, coronal view revealed no ICH, PSV = 15 cm/s,
EDV= 6 cm/s, MV= 8 cm/s, RI = 0.61, and PI = 1.13.
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a mean value of 8 ± 3 cm/s and EDV2 ranged from 5 to
21 cm/s, with a mean value of 9.8 ± 3.9 cm/s with no statisti-
cally signiﬁcant difference (P-value of >0.05).
The average value of MV1 ranged from 6 to 23 cm/s, with a
mean value of 15 ± 5.6 cm/s and MV2 ranged from 9 to
34 cm/s, with a mean value of 16.2 ± 6.3 cm/s with no statis-
tically signiﬁcant difference (P-value of >0.05).
We found that the average value of RI1 ranged from 0.59 to
0.80, with a mean value of 0.67 ± 0.07 and RI2 ranged from
0.56 to 0.76, with a mean value of 0.66 ± 0.05 with no statis-
tically signiﬁcant difference (P-value of >0.05). And the aver-age value of PI1 ranged from 1 to 1.83, with a mean value of
1.38 ± 0.24 and PI2 ranged from 0.97 to 1.76, with a mean va-
lue of 1.32 ± 0.23 with no statistically signiﬁcant difference
(P-value of >0.05).
The multiple comparisons (Post-hoc test or Least Signiﬁ-
cant Difference, LSD) also followed to investigate the possible
statistical signiﬁcance between the two groups and we found
that:
There was no statistically signiﬁcant difference (P-value of
>0.05) between the two groups as regards the GA, weight,
mean value of PSV1 & PSV2 and MV1 & MV2, and mean va-
lue of RI1 and PI1, while there was statistically signiﬁcant dif-
ference (P-value of <0.05) between the two groups as regards
the mean value of EDV1 where it is higher in the hemorrhage
group.
Also there was statistically highly signiﬁcant difference (P-
value of <0.001) between the two groups as regards mean va-
lue of EDV2, RI2 and PI2, where EDV2 value was lower and
RI2 and PI2 values were higher in the hemorrhage group.
Stepwise Multi-Regression analysis was used to search for a
panel (independent parameters) that can predict the target
parameter (dependent variable). By using stepwise multi-
regression analysis, parameters among these panels can be
74 A.M.A. Elhameed, E.M. Foudasorted according to their sensitivity to discriminate and it re-
vealed that using all the cutoff values of GA at <31.8 weeks,
of BW at <1800 g, of PSV1 at >30.6 cm/s, of EDV1 at
>9.2 cm/s, of MV1 at >16.3 cm/s,of RI1 at <0.68, and of
PI1 at <1.39 may be used for the differentiation between the
hemorrhage group and the control group, yet with non-signif-
icant probability, yet by using only the cutoff values of EDV1
and BW gave signiﬁcant probability with highest F-ratio.
So the ﬁnal interpretation of this test was that both new-
born BW of less than 1800 g and EDV1 value of more than
9.2 cm/s were the most sensitive predictors for hemorrhage
(F-ratio = 5.1, p-value <0.05). Also this test revealed that
both GA of less than 31.8 week and EDV1 value of more than
9.2 cm/s were the most sensitive predictors for high Grades of
hemorrhage (F-ratio = 10.4, p-value <0.001).4. Discussion
Some authors (6,8) found that most cases of GMH–IVH oc-
curs in the ﬁrst week of life as approximately 50% of their
cases occur in the ﬁrst day of life, and about 65% occur by
the end of the ﬁrst week, this is in agreement with our ﬁndings
as about 62% of newborns in the hemorrhage group developed
ICH by the end of the ﬁrst week. Others (1,8) found that 70%
of their cases was classiﬁed as Grade I ICH, while in our study
only 37.5% of newborns in hemorrhage group was classiﬁed as
Grade I.
Four newborns in the hemorrhage group had
BW< 1500 g, and they constituted 36% of the VLBW prema-
ture newborns in our study, this ﬁnding is similar to study
done by Antoniuk and da Silva (8) as they found that the inci-
dence of GMH–IVH in those weighing less than 1500 g was
36%, while Wildrick (9) and Mancini et al. (1) noted in their
studies that 20% and 30%, respectively, of premature infants
with BW< 1500 g had IVH. In our study, the hemorrhage
group constituted about 46% of the studied premature infants
whose BW 6 2500 g; near to ﬁndings of Ilikkan et al. (10) as
IVH was diagnosed in about 41% of their premature new-
borns. Also four of newborns in the hemorrhage group had
GA less than 32 weeks, and they constituted about 40% of pre-
mature newborns whose GA is less than 32 weeks in our study.
This ﬁnding agrees with ﬁnding of Antoniuk &da Silva (8) as
they recorded that incidence rate of GMH–IVH is about 40%
in infants born before 32 weeks GA.
The most important ﬁndings in our study were that both
newborn BW of less than 1800 g and EDV value in the initial
Doppler examination (EDV1) of more than 9.2 cm/s were the
most sensitive predictors for intracerebral hemorrhage (F-ra-
tio = 5.1, p-value <0.05). And both GA of less than
31.8 week and EDV1 of more than 9.2 cm/s were the most sen-
sitive predictors for high grades of hemorrhage (F-ra-
tio = 10.4, p-value <0.001). It is well established by many
authors (1,6,8–10) that newborns who have LBW especially
less than 1500 g and who are premature especially less than
32 weeks are at risk of developing ICH in their early postnatal
life, that in accordance with results of our study.
The pathogenesis of GMH–IVH is multi-factorial. For sim-
pliﬁcation, the inﬂuences can be divided into intravascular,
vascular and extravascular factors (3). The autoregulation of
blood ﬂow and pressure in the germinal matrix circulation is
primitive in premature infants. The thin microvasculature ofthe germinal matrix is susceptible to rupture. The primitive
mesenchymal and glial supportive tissues inﬂuence the extent
of hemorrhage (6).
Cerebral ischemia has been suggested as an important fac-
tor in the pathophysiology of GMH–IVH. Hypo-perfusion of
the germinal matrix is thought to lead to an impairment in the
integrity of the vascular endothelium. A subsequent period of
reperfusion with vasodilatation leads to an abrupt increase in
the intravascular pressure, causing hemorrhage within the ger-
minal matrix. The vulnerability of the germinal matrix to
hypoperfusion may be due to its watershed vascular supply,
or to the higher metabolic rate of its endothelium (11).
Low CBF during early days of life may damage the germi-
nal matrix in a way that preconditions it to hemorrhage (11).
The loss of auto-regulatory ability coupled with rapid altera-
tions in CBF and pressure can result in hemorrhage. The cap-
illaries of the immature germinal matrix possess neither tight
junctions between endothelial cells nor a strong basement
membrane. Therefore, increasing ﬂow and pressure may rup-
ture the delicate capillaries, leading to bleeding (2).
Eight newborns in the hemorrhage group (50%) had peri-
natal asphyxia and six of them (33%) had neonatal sepsis.
So prematurity, low BW, perinatal asphyxia and neonatal sep-
sis were considered all as risk factors for developing ICH in the
hemorrhage group (1,6).
Pulsed Doppler ultrasound is a non-invasive means of
examining cerebral circulation at the bedside, even in sick pre-
term infants under intensive care (12).
The ﬁrst description of using US-Doppler technique for
evaluation of pulsatile ﬂow in an intracranial artery in prema-
ture infants was done by Bada et al. (13). These authors stud-
ied the path physiology of ICH and IVH in neonates under
clinical conditions of hypoxemia, assuming that changes in
ﬂow velocity in intracranial arteries detected by Doppler
would be indicative of changes in brain circulation (14).
Bada et al. (13) found 11 preterm infants with respiratory
distress who developed IC-IVH. Prior to hemorrhage, their
PI measurements were signiﬁcantly lower than those who did
not eventually have the complication, this ﬁnding is not totally
in agreement with our results as the mean value of PI detected
in hemorrhage group in the initial Doppler examination prior
to hemorrhage (PI1) was lower than that in the non-hemor-
rhage group (1.23 ± 0.32 in hemorrhage group and
1.38 ± 0.24 in non-hemorrhage group), yet with no statisti-
cally signiﬁcant difference (P-value of >0.05). Yet we found
that the mean value of EDV in the initial Doppler examination
prior to hemorrhage (EDV1) in hemorrhage group was
high = 11.5 ± 5.5 cm/s and EDV2 = 6.3 ± 2.9 cm/s (de-
creased) with highly statistically signiﬁcant difference (P-value
of <0.001). And the mean value of RI1 in the hemorrhage
group was low = 0.65 ± 0.09 and RI2 was 0.84 ± 0.07 (in-
creased) and the mean value of PI1 was low = 1.23 ± 0.32
and PI2 = 2.07 ± 0.68 (increased) with statistically signiﬁcant
difference (P-value of <0.001).
The low PI and RI and high EDV values in the hemorrhage
group prior to the onset of hemorrhage indicate low vascular
resistance to blood ﬂow and vasodilatation, so CBF may in-
crease to excessive levels temporally resulting in IC-IVH (13).
So according to the cutoff values detected from our results
in the Stepwise Multi-Regression analysis test to differentiate
between hemorrhage and control groups and to ﬁnd predictor
parameters for hemorrhage, low PI (<1.38) and RI (<0.68)
Transcranial ultrasound Doppler parameters in cerebral vessels may predict intracerebral 75and high EDV (>9.2 cm/s) values may be used as predictors
for developing ICH in preterm infants in early postnatal life.
But our study showed that the most sensitive Doppler param-
eter which can be used as a predictor marker for intracerebral
hemorrhage in preterm newborns in early postnatal period was
end diastolic velocity > 9.2 cm/s.
Gazzolo et al. (15) found that blood concentration of S100
protein was signiﬁcantly higher (P-value of <0.001) in preterm
infants who developed IVH than in control preterm infants
and also correlated signiﬁcantly(r= 0.81, P< 0.003) with
grade of hemorrhage. There was signiﬁcant correlation
(r= 0.70, P< 0.05) between the S100 blood concentration
and the MCA PI was also observed in their study, so measur-
ing Doppler parameter like PI in early postnatal life can be
used also as predictor parameter for ICH in preterm newborns
beside measuring the blood concentration of S100 protein.
Bada et al. (13)found also in their study that 14 preterm in-
fants with IC-IVH had signiﬁcantly higher PI values than the
asymptomatic (non-hemorrhage) preterm infants in accor-
dance to our results as we found a statistically highly signiﬁ-
cant difference between the hemorrhage and non-hemorrhage
group as regards mean value of EDV, PI and RI in the follow
up examination which was at the time of discovering the ICH
in the hemorrhage group as the mean value of EDV2 in hem-
orrhage group was lower = 6.3 ± 2.9 cm/s and in non-hemor-
rhage group = 9.8 ± 3.9 cm/s, while the mean value of PI2 in
hemorrhage group was higher = 2.07 ± 0.68 and in non-hem-
orrhage group = 1.31 ± 0.23 and the mean value of RI2 in
hemorrhage group was higher = 0.84 ± 0.07 and in non-hem-
orrhage group = 0.66 ± 0.05 with highly statistically signiﬁ-
cant difference (P-value of <0.001).
These ﬁndings of our study are explained by: with the
occurrence of ICH, there was subsequent reﬂex vasospasm
which led to vasoconstriction and so elevated vascular resis-
tance which expressed as low values of EDV and high values
of PI and RI.
Finally the most important ﬁndings in our study were that
both newborn BW of less than 1800 g and EDV value in the
initial Doppler examination (EDV1) of more than 9.2 cm/s
were the most sensitive predictors for intracerebral hemor-
rhage (F-ratio = 5.1, p-value <0.05). And both GA of less
than 31.8 week and EDV1 of more than 9.2 cm/s were the most
sensitive predictors for high grades of hemorrhage (F-ra-
tio = 10.4, p-value <0.001).5. Conclusions
Our study showed that the most sensitive Doppler parameter
which can be used as a predictor marker for intracerebral
hemorrhage and its high grade in preterm newborns in early
postnatal period was end diastolic velocity > 9.2 cm/s and sooffers a measurable screening predictor parameter, when clin-
ical symptoms of hemorrhage may be still silent and so preven-
tive and therapeutic actions could be useful.
Further research with a larger number of participants might
yield more results. In addition, we need to establish whether
there is a signiﬁcant association between screening in early
postnatal period by other Doppler parameters in intracerebral
vessels and the prediction of development of ICH in preterm
newborns.
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